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(57) ABSTRACT 

A cascaded micromechanical actuator structure for rotating a 
micromechanical component about a rotation axis is 
described. The structure includes a torsion spring device 
which, on the one hand, is attached to a mount and to which, 
on the other hand, the micromechanical component is attach 
able. The torsion spring device has a plurality of torsion 
springs which run along or parallel to the rotation axis. The 
structure includes a rotary drive device having a plurality of 
rotary drives which are connected to the torsion spring device 
in Sucha way that each rotary drive contributes a fraction to an 
overall rotation angle of a micromechanical component about 
the rotation axis. 

14 Claims, 5 Drawing Sheets 
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CASCADEDMCROMECHANICAL 
ACTUATOR STRUCTURE 

FIELD OF THE INVENTION 

The present invention relates to a cascaded micromechani 
cal actuator structure. 

BACKGROUND INFORMATION 

Although the present invention is applicable to any micro 
mechanical component, the present invention is explained on 
the basis of actuators for micromirrors. 

Micromirrors are used for deflecting optical beams, for 
example in bar code scanners, projection systems or for 
Switching optical data links. There are two basic modes of 
operation for micromirror deflection. In the resonant mode of 
operation, a natural frequency of the micromirroris induced. 
This permits very high mirror inclination angles at low energy 
injection levels. 
The disadvantage is that the oscillation frequency is always 

set to the range around the micromirror resonance frequency, 
and the oscillation therefore always describes a sinusoidal 
function. In projection applications, this causes a poor distri 
bution of the image intensity, since the beam scans the center 
of the image very quickly, while it scans the edge of the image 
very slowly. 

For two-dimensional scanners, a Lissajous figure is also 
typically employed. This means that a great deal of comput 
ing power is needed during image preparation for controlling 
the projection laser. The image resolution does not achieve 
the levels that would result from the horizontal oscillation 
frequency of the micromirror in line-by-line projection. In 
addition, an image which is “chaotically’ structured in this 
manner is unpleasant for the viewer, since it appears to dis 
integrate when the viewer moves his/her head quickly. 

For line-by-line projection of video images, in which these 
problems do not occur, a micromirror which may be statically 
or quasi-statically excited on at least one axis is required. 
Since the electrostatic force may have only an attracting 
effect, but not a repelling effect, electrode structures on one 
plane, which are frequently used for resonant micromirrors, 
are unusable. In contrast, the electrodes on different planes 
are suitable for implementing a quasi-static electrostatic 
drive. Several approaches exist for this purpose. 
PCT Application No. WO 2008-071 172 describes a micro 

mirror actuator which has, in an inner region, at least one 
movable micromirror element and multiple finger-shaped or 
comb-shaped electrodes for activating the micromirror, 
which are offset against each other in height, the actuator 
being formed from a layer structure having at least three main 
layers, at least sections of which are electrically insulated 
from each other by intermediate layers. This type of system of 
comb electrodes on parallel planes located on top of each 
other is also known as an OOP comb system (out-of-plane 
combs). 
German Patent Application No. DE 10 2008 003 344.8 

describes angled, Vertical combs as a micromirror actuator, 
the combs being structured on one plane and Subsequently 
predeflected from the plane. 
The torque generally increases as the application of force 

moves farther away from a rotation axis. In electrostatic 
actuators which execute a tilting motion of a structure from a 
plane, for example against a spring, the vertical comb struc 
tures or finger structures should therefore be located as far as 
possible from the rotation axis. However, this has limits, since 
the achievable deflection depends on the distance between the 
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2 
electrode pairs (rotor and stator) and the rotation axis at a 
given depth of OOP comb electrodes. The greater the distance 
between the electrodes and the rotation axis, the sooner does 
the rotor disengage from the stator. Since no further energy 
gain is achievable from this point on, this point corresponds to 
the maximum deflection. In other words, the maximum 
deflection is lower in OOP electrode structures located at a 
greater distance from the rotation axis than it is in OOP 
electrode structures located closer to the rotation axis. 

FIGS. 8a and 8b are schematic cross-sectional views of two 
comb electrode teeth for illustrating a conventional microme 
chanical comb drive structure. 

In FIGS. 8a and 8b, reference numeral E1 designates a first 
plane on which is provided a comb electrode having comb 
electrode teeth Fd which may rotate or swivel around an 
anchoring point V, the comb electrode being located parallel 
to a second comb electrode, which has stationary comb elec 
trode teeth Ff and which is provided on a second underlying 
plane E2. Planes E1, E2 are located parallel to each other. 
Upon application of a voltage U, comb electrode teeth Fd 

are inserted into stationary comb electrode teeth Ff. This 
causes an energy reduction, since the overlapping area of the 
two electrodes Ff, Fa is enlarged during insertion. A corre 
sponding torque therefore arises at rotatable comb electrode 
Fd. The torque curve is stable up to angle C. illustrated in FIG. 
8b, at which rotatable comb electrode Fd is fully introduced 
into stationary comb electrode Ff. The area overlap no longer 
increases uniformly beyond angle C. On the bottom, rotatable 
comb electrode Fd reemerges from the overlap at angles 
greater than C. This is apparent in the torque curve by a strong 
drop in torque. 

This discussion clearly shows that angle of inclination a 
has a limit for OOP comb electrodes which is defined by the 
length and height of the comb electrode fingers. High comb 
electrodes permit a large angle of inclination, but are more 
difficult to manufacture than low comb electrode fingers, 
which are manufactured, for example, in a trench-etching 
process. The use of long comb electrode fingers may greatly 
increase the torque, while possible deflection angle C. 
decrease along with the finger length. 

FIG. 9 is a schematic cross-sectional view of a conven 
tional micromechanical comb drive structure for a rotary 
drive of a micromirror. 

In FIG. 9, reference numeral VS designates a mount, for 
example a stationary region of a Substrate. A comb electrode 
rotary drive A is connected via a torsion spring fo, a micro 
mirror S, which is rotatable about a rotation axis DA0, along 
which torsion spring fo runs and provides a corresponding 
restoring torque, being attached to the other side of the comb 
electrode rotary drive. Comb electrode rotary drive A 
includes a first rotatable comb electrode Dahaving rotatable 
comb electrode teeth Fd and a diametrically opposed, second 
rotatable comb electrode Db having rotatable comb electrode 
teeth Fd. Rotatable comb electrodes Da, Db interact with 
corresponding stationary comb electrodes Fa, Fb, which are 
also attached to mountVS and have stationary comb electrode 
teeth Ff. With reference to FIG. 8, rotatable comb electrodes 
Da, Db are located on plane E1, and stationary comb elec 
trodes Fa, Fb are located on plane E2. 
By applying a voltage difference U between first rotatable 

comb electrode Da and first stationary comb electrode Fa or at 
second rotatable comb electrode Db and second stationary 
comb electrode Fb, a rotation around rotation axis DAO is 
possible, by an angle of up to +C. or -C. in each case (see FIG. 
8). 

SUMMARY 

In accordance with the present invention, the required 
maximum deflection angle of individual regions may be 
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reduced by cascading multiple rotary drives, which makes it 
possible to optimize the distance between the electrodes and 
the rotation axis. Among other things, this enables higher 
torques or lower drive voltages to be achieved and to reduce 
the space requirements for the drive. 

Drive regions may be cascaded along the rotation axis 
(axially) or radially to the rotation axis and thereby the load 
on the individual regions may be reduced due to a reduced 
maximum deflection. In the case of axial cascading, the comb 
electrodes are located at varying distances from the rotation 
axis and are connected by adapted spring elements. Each 
corresponding drive region generates either more torque at a 
Smaller deflection angle or a greater deflection at a lower 
torque. 

In the case of radial cascading, an intermediate plane is 
introduced via a frame. The actuator is deflected relative to 
the frame, and the frame is deflected relative to the chip, 
which proportionally reduces the particular maximum deflec 
tion angle, depending on the design. 

The smaller deflection angle per rotary drive enables the 
individual regions to be more effectively adapted to their 
position and function on the component. This may be used, 
for example, for a higher torque, a lower drive Voltage, better 
use of space on the chip (reduced space requirements overall) 
or a larger deflection angle on the actual actuator. 

According to a preferred refinement, the torsion spring 
device has a first torsion spring, the first end of which is 
attached to the mount, the rotary drive device having a first 
rotary drive, which is attached between the second end of the 
first torsion spring and a first end of a second torsion spring, 
and the rotary drive device having a second rotary drive which 
is attached to the second end of the second torsion spring. 

In a further preferred refinement, the first rotary drive has a 
first rotatable comb electrode system and a first stationary 
comb electrode system cooperating therewith, the first rotat 
able comb electrode system being situated on a first plane and 
the first stationary comb electrode system being situated on a 
second plane, the second rotary drive having a second rotat 
able comb electrode system and a second stationary comb 
electrode system cooperating therewith, the second rotatable 
comb electrode system being situated on the first plane and 
the second stationary comb electrode system being situated 
on the second plane, and the first rotatable comb electrode 
system and the first stationary comb electrode system inter 
acting therewith being situated at a greater distance from the 
rotation axis than the second rotatable comb electrode system 
and the second stationary comb electrode system cooperating 
therewith. 

In a further preferred refinement, the rotary drive device 
has a rotatable comb electrode system and a stationary comb 
electrode system cooperating therewith, the rotatable comb 
electrode system being situated on a first plane, and the sta 
tionary comb electrode system being situated on a second 
plane, the rotatable comb electrode system being attached to 
the mount via the torsion spring device, comb teeth of the 
rotatable comb electrode system being attached to the torsion 
spring device and dividing it into individual intermediate 
torsion springs, and a length of comb teeth of the rotatable 
comb electrode system decreasing gradually along the rota 
tion axis, starting from the mount side, thereby causing one 
rotary drive to be formed between two torsion springs in each 
CaSC. 

In a further preferred refinement, the first rotary drive has a 
third rotatable comb electrode system and a third stationary 
comb electrode system cooperating therewith, the third rotat 
able comb electrode system being situated on a first plane and 
the third stationary comb electrode system being situated on 
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4 
a second plane, the second rotary drive having a fourth rotat 
able comb electrode system and a fourth stationary comb 
electrode system cooperating therewith, the fourth rotatable 
comb electrode system being situated on the first plane and 
the fourth stationary comb electrode system being situated on 
the second plane, and the fourth Stationary comb electrode 
system being connected to the third rotatable comb electrode 
system via a first frame in Such away that the fourth Stationary 
comb electrode rotates together with the third rotatable comb 
electrode system on the first plane. 

In a further preferred refinement, the torsion spring device 
has a third and fourth torsion spring which are attached to the 
mount by their particular first ends parallel to each other and 
parallel to the rotation axis, the rotary drive device having a 
third rotary drive which is attached to the particular second 
ends of the third and fourth torsion springs, the torsion spring 
device having a fifth torsion spring which is attached to the 
mount by its first end, the rotary drive device having a fourth 
rotary drive which is attached to the second end of the fifth 
torsion spring. 

In a further preferred refinement, the third rotary drive has 
a fifth rotatable comb electrode system and a fifth stationary 
comb electrode system cooperating therewith, the fifth rotat 
able comb electrode system being situated on a first plane and 
the fifth stationary comb electrode system being situated on a 
second plane, the fourth rotary drive having a sixth rotatable 
comb electrode system and a sixth stationary comb electrode 
system interacting therewith, the sixth rotatable comb elec 
trode system being situated on the first plane and the sixth 
stationary comb electrode system being situated on the sec 
ond plane, and the sixth stationary comb electrode system 
being connected to the fifth rotatable comb electrode system 
via a second frame in Such a way that the sixth stationary 
comb electrode rotates together with the fifth rotatable comb 
electrode system on the first plane. 

In a further preferred refinement, the fourth rotary drive has 
a seventh stationary comb electrode system and a seventh 
rotatable comb electrode system cooperating therewith, the 
seventh rotatable comb electrode system being situated on the 
first plane and the seventh stationary comb electrode system 
being situated on the second plane, and the seventh stationary 
comb electrode system being connected to the fifth rotatable 
comb electrode system via the second frame in Such a way 
that the seventh stationary comb electrode system rotates 
together with the fifth rotatable comb electrode system on the 
first plane. 

In a further preferred refinement, the plurality of torsion 
springs have different spring constants. 

In a further preferred refinement, the cascaded microme 
chanical actuator structure according to the present invention 
is connected to a micromirror as the micromechanical com 
ponent. 

In a further preferred refinement, the rotary drive device 
has a plurality of electrodes which are designed as dual elec 
trodes on a first and a second plane and thus permit angular 
deflection in two directions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary embodiments of the present invention are illus 
trated in the figures and explained in greater detail below. 

FIG. 1 shows a schematic cross-sectional view of a cas 
caded micromechanical actuator structure according to a first 
specific embodiment of the present invention. 

FIG. 2 shows a schematic cross-sectional view of a cas 
caded micromechanical actuator structure according to a sec 
ond specific embodiment of the present invention. 
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FIG. 3 shows a schematic cross-sectional view of a cas 
caded micromechanical actuator structure according to a 
third specific embodiment of the present invention. 

FIG. 4 shows a schematic cross-sectional view of a cas 
caded micromechanical actuator structure according to a 
fourth specific embodiment of the present invention. 

FIGS. 5a, 5b show schematic cross-sectional views for 
illustrating the deflection behavior of the cascaded microme 
chanical actuator structure according to the fourth specific 
embodiment of the present invention. 

FIG. 6 shows a schematic cross-sectional view of a cas 
caded micromechanical actuator structure according to a fifth 
specific embodiment of the present invention. 

FIG. 7 shows schematic cross-sectional views for illustrat 
ing the deflection behavior of the cascaded micromechanical 
actuator structure according to the fifth specific embodiment 
of the present invention. 

FIGS. 8a, 8b show schematic cross-sectional views of two 
comb electrode teeth for illustrating a known micromechani 
cal comb electrode structure. 

FIG. 9 shows a schematic cross-sectional view of a con 
ventional micromechanical comb drive structure for a rotary 
drive of a micromirror. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

In the figures, the same reference numerals designate iden 
tical or functionally identical components. 

FIG. 1 is a schematic cross-sectional view of a cascaded 
micromechanical actuator structure according to a first spe 
cific embodiment of the present invention. 

In FIG. 1, three rotary drives A1, A2, A3 are cascaded or 
connected in series in the axial direction. First rotary drive A1 
is connected to a mount VS, for example a semiconductor 
Substrate, via a first torsion spring f1, which runs along rota 
tion axis DA. First rotary drive A1 has a first rotatable comb 
electrode system D1A, D1B, which is provided on diametri 
cally opposed sides of a central region at a first distance d1 
from rotation axis DA. Rotatable comb electrode system 
D1A, D1B has a plurality of comb electrode teeth FD. A 
stationary comb electrode system F1A, F1B, which cooper 
ates with rotatable comb electrode system D1A, D1B, is 
provided on diametrically opposed sides, comb electrode 
teeth FF of stationary comb electrode system F1A, F1B being 
located between fingers FD of rotatable comb electrode sys 
tem D1A, D1B. 
A second rotary drive A2, whose bilaterally rotatable comb 

electrode system D2A, D2B and stationary comb electrode 
system F2A, F2B are situated at a distance d2 from rotation 
axis DA, is connected to first rotary drive A1 via a second 
torsion spring f2 which runs along rotation axis DA, distance 
d2 being shorter than distance d1. 

Likewise, a third rotary drive A3 is connected to a second 
rotary drive A2 via a third torsion spring f3 which runs along 
rotation axis DA, stationary comb electrode system F3A, F3B 
and rotatable comb electrode system D3A, D3B of the third 
rotary drive being located even closer to rotation axis DA, at 
a distanced3. A micromirror S, which is only partially shown, 
is connected to third rotary drive A3. 

Rotary drives A1, A2, A3 and their rotatable comb elec 
trode systems are located on a plane E1 which lies above a 
plane E2 of the stationary comb electrode systems (see FIG. 
8). 

If a Voltage is now applied, for example, to rotatable comb 
electrode system D1A and stationary comb electrode system 
F1A of first rotary drive A1, rotatable comb electrode system 
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6 
D1A is inserted into fixed comb electrode system F1A. How 
ever, since second and third rotary drives A2, A3 have comb 
electrode systems which are located closer to rotation axis 
DA, a predeflection takes place in this location, but without 
rotating electrode systems D2A, D3A being fully inserted 
into corresponding stationary comb electrode systems F2A 
and F3A. 

If a Voltage is similarly applied to stationary comb elec 
trode system F2A and rotatable comb electrode system D2A 
of second rotary drive A2, full insertion also takes place in this 
location and third rotary drive A3 is further predeflected. 
Due to a voltage applied to third stationary comb electrode 

system F3A and third rotatable comb electrode system D3A, 
the third rotary drive is finally deflected under a low torque by 
a small residual angle to achieve the total deflection angle. 
The forces to be applied to the three rotary drives A1, A2, 

A3 in this specific embodiment are lower, compared to the 
conventional rotary drive shown in FIG. 9, since they are 
distributed to three rotary drives. 

In this first specific embodiment, optimization may be 
achieved by the fact that all three rotary drives A1, A2, A3 
contribute an identical angle deflection, after which the spring 
constants of torsion springs f1, f2., f3 are adjusted accord 
ingly. Alternatively, it is also possible to provide an adjusted 
torque while maintaining the same spring constants of torsion 
springs f1, f2., f3. 

FIG. 2 is a schematic cross-sectional view of a cascaded 
micromechanical actuator structure according to a second 
specific embodiment of the present invention. 

In the second specific embodiment according to FIG. 2, a 
torsion spring f is provided, via which a rotatable comb 
electrode system D1A, D1B is attached to mount VS. Comb 
electrode teeth FD' of rotatable comb electrode system D1A", 
D1B' interact with comb electrode teeth FF" of a stationary 
comb electrode system F1A, F1B', which is also attached to 
mount VS and which, as in the first specific embodiment, is 
provided on a lower plane E2 than rotatable comb electrode 
system D1A, D1B'. Micromirror S is attached to torsion 
spring f on the right side of comb electrode system D1A", 
D1B. 

In this specific embodiment, the length of the comb elec 
trode teeth decreases continuously from an initial length 11 to 
a final length 12, starting from mount VS toward micromirror 
Salong rotation axis DA. After comb electrode teeth FD' of 
rotatable comb electrode system D1A, D1B' have been 
attached to torsion springf, they divide the torsion spring into 
individual torsion springs fover the length of comb electrode 
system D1A, D1B', thereby causing one rotary drive A, to be 
formed between two torsion springs f" in each case. 

Each finger FD' thus drives torsion spring f a little farther 
into the maximum deflection angle and thereby results in a 
predeflection of following finger FD". As illustrated, maxi 
mum distance DL between fingers FD" and third rotation axis 
DA is preferably shortened as the deflection of torsion spring 
f increases, to achieve Successively higher maximum deflec 
tions of differential drives A, until reaching the desired 
deflection angle of micromirror S. Once again, the maximum 
insertion angle of fingers FD' into fingers FF is limited by 
fixed plane E2 of stationary comb electrode system F1A", 
F1B. 

It is also possible to select an optimized intermediate solu 
tion between the first specific embodiment according to FIG. 
1 and the second specific embodiment according to FIG. 2. 

FIG. 3 is a schematic cross-sectional view of a cascaded 
micromechanical actuator structure according to a third spe 
cific embodiment of the present invention. 
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In the third specific embodiment illustrated in FIG. 3, two 
cascaded rotary drives A1". A2", each having comb electrode 
systems, are provided. First rotary drive A1" has a rotatable 
comb electrode system D1A", D1B", which is connected to 
mount VS via a torsion spring f1". In cooperation with this 
rotatable comb electrode system D1A". D1B", a stationary 
comb electrode system F1A", F1B" is provided, which is 
attached to mount VS and is located on lower plane E2. A 
second stationary comb electrode system F2A", F2B" is con 
nected to first rotary drive A1" via a frame R". 

In regions R1 and R2, frame R" is guided or stepped from 
upper plane E1 to lower plane E2. Regions R3 and R4 are 
located on lower plane E2. Alternatively and for stability 
reasons, R" may also be provided on both planes E1 and E2. 
and only the fingers of stationary comb electrode system 
F2A" and F2B" are located on lower plane E2. 
As a result of this structure, second stationary comb elec 

trode system F2A" is predeflected by the first rotary drive and 
therefore no longer represents a fixed stator plane E2. In other 
words, the relative arrangement of fixed comb electrode sys 
tem. F2A" and F2B" and rotatable comb electrode system 
D1A", D1B" remain under the influence of first rotary drive 
(in contrast to the first specific embodiment). 

Second rotary drive A2" is connected to first rotary drive 
A1" via a second torsion spring f2" and has a second rotatable 
comb electrode system D2A". D2B", which cooperates with 
predeflectable, second stationary comb electrode system 
F2A", F2B". Rotating mirror S is attached to second rotary 
drive A2". 

In this specific embodiment, each rotary drive A1". A2" 
must be deflected around rotation axis DA" by the same 
relative angle, while individual rotary drive A1", A2" must 
drive only a smaller angle. The torque can therefore be 
increased, and the Sum of the required rotary drives decreases. 
A further specific embodiment (not illustrated) partially 

integrates the torsion springs into drive region A1" by placing 
the starting point, for example, right in the middle of the 
central region. This makes it possible to reduce the axial 
length and thus also the tendency toward unwanted oscilla 
tion modes. In FIG. 3, two rotary drives A1". A2" are cas 
caded and further steppings are, of course, possible. This 
specific embodiment requires slightly more complexity com 
pared to the first or second specific embodiment, since the 
number of supply lines running over torsion springs f1", f2" is 
higher because stator regions F2A" and F2B" must also be 
contacted thereby. 

FIG. 4 is a schematic cross-sectional view of a cascaded 
micromechanical actuator structure according to a fourth spe 
cific embodiment of the present invention, and FIGS. 5a and 
5b are schematic cross-sectional views for illustrating the 
deflection behavior of the cascaded micromechanical actua 
tor structure according to the fourth specific embodiment of 
the present invention. 

In the fourth specific embodiment, a first rotary drive A1" 
and a second rotary drive A2" are provided, which, however, 
are connected in parallel. First rotary drive A1" is connected 
to mount VS via torsion springs f1a", f1b", which run par 
allel to rotation axis DA" at a distance therefrom. First rotary 
drive A1" has a rotatable comb electrode system D1A", 
D1B" and a stationary comb electrode system F1A", F1B", 
the latter being provided on a lower plane E2, as in the other 
exemplary embodiments. 

Second rotary drive A2", to which micromirror S is 
attached, is connected to mount VS via a separate torsion 
spring f2" and is rotatable independently of first rotary drive 
A1". A rotatable comb electrode system D2A", which coop 
erates with a stationary comb electrode system F2A" which is 
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8 
connected to first rotary drive A1" via aframe R", is provided 
for this purpose. Second stationary comb electrode system 
F2A", F2B" is located on first plane E1 of first rotary drive 
A1" 

In this specific embodiment, comb electrode teeth of rotat 
able comb electrode system D2A", according to FIG.5a, are 
deflected in relation to second stationary comb electrode sys 
tem. F2A", and frame R" is in the idle position. Due to smaller 
angle C.1a of the comb electrode teeth of rotatable comb 
electrode system D2A" in relation to frame R", of for 
example, 5' as opposed to, for example, 7 without a cas 
caded drive, the comb electrode teeth of rotatable comb elec 
trode system D2A" may be placed at a greater distance from 
rotating axis DA" and generate a higher torque. By addition 
ally actuating frame R" against the remaining chip via first 
rotatable comb electrode system D1A" in cooperation with 
first stationary electrode system F1A", the total target angle 
may be achieved, represented in this case as C2 in FIG. 5b. 
Target angle C2 is typically smaller than the Sum of C.1a and 
C.1b. In the illustrated example, angle C.1a is 5' and angle 
C.11b is 3, while angle C2 is approximately 7 to 8. Drives 
A1". A2" should be dimensioned according to the total elas 
tic and driving forces. 
Due to the low relative deflections of the driving combs in 

relation to frame R3" or in relation to the stationary comb 
electrode systems, the distances from rotation axis DA", and 
thus the achievable torques, may be increased. 

FIG. 6 is a schematic cross-sectional view of a cascaded 
micromechanical actuator structure according to a fifth spe 
cific embodiment of the present invention, and FIG. 7 shows 
schematic cross-sectional views for illustrating the deflection 
behavior of the cascaded micromechanical actuator structure 
according to the fifth specific embodiment of the present 
invention. 

In the fifth specific embodiment according to FIG. 6, a first 
and a second rotary drive A1". A2" are likewise provided. 
As in the fourth specific embodiment, first rotary drive 

A1" is connected to mountVS via a first and a second torsion 
spring f1A", f1 B". The first rotary drive has a first rotatable 
comb electrode system D1A", D1B", which cooperates 
with a first stationary comb electrode system F1A", F1B", 
which are provided on lower plane E2. 
A second stationary comb electrode system F2A", F2B" 

is attached to first rotary drive A1" via a frame R", the 
second stationary comb electrode system cooperating with a 
second rotatable comb electrode system D2A", D2B" of 
second rotary drive A2", second rotary drive A2" being 
connected to mount VS via a torsion spring f2". In this 
respect, the fifth specific embodiment resembles the fourth 
specific embodiment according to FIG. 4. 
A third stationary comb electrode system F3A", F3B", 

which is also provided on frame R" and cooperates with a 
third rotatable comb electrode system D3A", D3B", is also 
provided in the fifth specific embodiment, the third rotatable 
comb electrode system being connected to the second rotat 
ing drive A2" via a further frame ZR". 

With reference to FIGS. 7a through 7c, frame R" in this 
specific embodiment is predeflected by an angle B1, starting 
from the idle position according to FIG. 7a, due to the coop 
eration of first rotatable comb electrode system D1A" with 
first stationary comb electrode system F1A". In a subsequent 
step, second rotatable comb electrode system D2A" is also 
deflected in relation to first rotatable comb electrode system 
D1A", which results in a deflection by angle B2. 
Due to the shift in rotation axis DA4" of the torsion ele 

ment and frame R" by magnituded/tan (maximum target 
angle), a complete overlap between an upper and a lower 
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layer over cross-connected dual electrodes at the maximum 
target angle is achieved, as shown in FIG. 7b). This overlap 
not only affects axial regions, but also the entire frame and the 
entire torsion element. However, electrode combs which are 
not located between the two rotation axes do not attract each 
other, but are guided past each other. At the target angle, this 
also results in an energy minimum using a cross-connection, 
and driving combs therefore contribute to the deflection all 
over frame R". However, combs at a distance from the axis 
may only contribute to the deflection, but the direction of 
deflection must be specified by the combs close to the axis. 
The increase in the overlapping area per angle is independent 
of the distance to the rotation axis; the increase in torque is 
therefore linear in relation to the number of combs even away 
from the rotation axis in the radial direction. However, the 
fingers do not completely leave the stator and therefore may 
not become hooked. This is illustrated for rotating fingers 
D3A" in FIG. 7c. 

Although the present invention is described above on the 
basis of preferred exemplary embodiments, it is not limited 
thereto, but may be modified in many different ways. 

Although the micromechanical component to be deflected 
was a micromirror in the exemplary embodiments described 
above, the micromechanical actuator structure according to 
the present invention may also be applied to other microme 
chanical components to be deflected. 

Furthermore, a plate electrode structure or another elec 
trode structure may be used for excitation instead of the finger 
electrode structure. 

In principle, the above specific embodiments are each 
described as having individual electrode drives, i.e., rotating 
and stationary finger electrodes on a first and a second plane 
in each case. However, this permits a deflection, for example 
only of the frame or the micromechanical component in one 
direction. All exemplary embodiments may also be achieved 
by dual electrodes in which the rotating and stationary finger 
electrodes are each provided on both planes, yet also as 
regions which are electrically insulated from each other. By 
appropriately connecting the different regions, a deflection in 
both directions may be achieved. 
What is claimed is: 
1. A cascaded micromechanical actuator structure for 

rotating a micromechanical component about a rotation axis, 
comprising: 

a torsion spring device which is attached to a mount and to 
which the micromechanical component is attachable, 
the torsion spring device having a plurality of torsion 
springs which run one of along or parallel to the rotation 
axis; and 

a rotary drive device having a plurality of rotary drives 
which are connected to the torsion spring device in Such 
a way that each of the rotary drives is suitable for con 
tributing a fraction to a total rotation angle of the micro 
mechanical component about the rotation, 

wherein the torsion spring device has a first torsion spring, 
a first end of the first torsion spring being attached to the 
mount, the rotary drive device has a first rotary drive 
attached between a second end of the first torsion spring 
and a first end of a second torsion spring, the rotary drive 
device has a second rotary drive attached between a 
second end of a second torsion spring and the microme 
chanical component so that the torsion spring device and 
the rotary drive device are provided between the mount 
and the micromechanical component, the first rotary 
drive has a first rotatable comb electrode system and a 
first stationary comb electrode system cooperating 
therewith, and the second rotary drive has a second rotat 
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10 
able comb electrode system and a second stationary 
comb electrode system cooperating therewith. 

2. The cascaded micromechanical actuator structure as 
recited in claim 1, wherein the first rotatable comb electrode 
system is situated on a first plane, and the first stationary 
comb electrode system is situated on a second plane, the 
second rotatable comb electrode system is situated on the first 
plane, and the second stationary comb electrode system is 
situated on the second plane, and the first rotatable comb 
electrode system and the first stationary comb electrode sys 
tem cooperating therewith are situated at a greater distance 
from the rotation axis than the second rotatable comb elec 
trode system and the second stationary comb electrode sys 
tem cooperating therewith. 

3. A cascaded micromechanical actuator structure for 
rotating a micromechanical component about a rotation axis, 
comprising: 

a torsion spring device which is attached to a mount and to 
which the micromechanical component is attachable, 
the torsion spring device having a plurality of torsion 
springs which run one of along or parallel to the rotation 
axis; and 

a rotary drive device having a plurality of rotary drives 
which are connected to the torsion spring device in Such 
a way that each of the rotary drives is suitable for con 
tributing a fraction to a total rotation angle of the micro 
mechanical component about the rotation axis, 

wherein the rotating drive device has a rotatable comb 
electrode system and a stationary comb electrode system 
cooperating therewith, the rotatable comb electrode sys 
tem being situated on a first plane and the stationary 
comb electrode system being situated on a second plane, 
the rotatable comb electrode system being attached to 
the mount via the torsion spring device, comb teeth of 
the rotatable comb electrode system being attached to 
the torsion spring system and dividing the torsion spring 
system into intermediate torsion springs and a length of 
comb teeth of the rotatable comb electrode system 
decreasing gradually, starting from a side of the mount 
along the rotation axis, thereby causing one rotation 
drive to be formed between two torsion springs in each 
CaSC. 

4. The cascaded micromechanical actuator structure as 
recited in claim 1, wherein the first rotary drive has a third 
rotatable comb electrode system and a third stationary comb 
electrode system cooperating therewith, the third rotatable 
comb electrode system being situated on a first plane and the 
third stationary comb electrode system being situated on a 
second plane, the second rotary drive having a fourth rotat 
able comb electrode system and a fourth stationary comb 
electrode system cooperating therewith, the fourth rotatable 
comb electrode system being situated on the first plane and 
the fourth stationary comb electrode system being situated on 
the second plane, and the fourth Stationary comb electrode 
system being connected to the third rotatable comb electrode 
system via a first frame in Such a way that it rotates together 
with the third rotatable comb electrode system on the first 
plane. 

5. A cascaded micromechanical actuator structure for 
rotating a micromechanical component about a rotation axis, 
comprising: 

a torsion spring device which is attached to a mount and to 
which the micromechanical component is attachable, 
the torsion spring device having a plurality of torsion 
springs which run one of along or parallel to the rotation 
axis; and 
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a rotary drive device having a plurality of rotary drives 
which are connected to the torsion spring device in Such 
a way that each of the rotary drives is suitable for con 
tributing a fraction to a total rotation angle of the micro 
mechanical component about the rotation axis, 

wherein the torsion spring device has a third and a fourth 
torsion spring which are attached to the mount by 
respective first ends parallel to each other and parallel to 
the rotation axis, the rotary drive device having a third 
rotary drive which is attached to respective second ends 
of the third and fourth torsion springs, the torsion spring 
device having a fifth torsion spring which is attached to 
the mount by its first end, the rotary drive device having 
a fourth rotary drive which is attached to the second end 
of the fifth torsion spring. 

6. The cascaded micromechanical actuator structure as 
recited in claim 5, wherein the third rotary drive has a fifth 
rotatable comb electrode system and a fifth stationary comb 
electrode system cooperating therewith, the fifth rotatable 
comb electrode system being situated on a first plane and the 
fifth stationary comb electrode system being situated on a 
second plane, the fourth rotary drive having a sixth rotatable 
comb electrode system and a sixth stationary comb electrode 
system cooperating therewith, the sixth rotatable comb elec 
trode system being situated on the first plane and the sixth 
stationary comb electrode system being situated on the sec 
ond plane, and the sixth stationary comb electrode system 
being connected to the fifth rotatable comb electrode system 
via a second frame in Such a way that it rotates together with 
the fifth rotatable comb electrode system on the first plane. 

7. The cascaded micromechanical actuator structure as 
recited in claim 6, wherein the fourth rotary drive has a 
seventh stationary comb electrode system and a seventh rotat 
able comb electrode system cooperating therewith, the sev 
enth rotatable comb electrode system being situated on the 
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first plane and the seventh stationary comb electrode system 
being situated on the second plane, and the seventh stationary 
comb electrode system being connected to the fifth rotatable 
comb electrode system via the second frame in Such a way 
that it rotates together with the fifth rotatable comb electrode 
system on the first plane. 

8. The cascaded micromechanical actuator structure as 
recited in claim 1, wherein the plurality of torsion springs 
have different spring constants. 

9. The cascaded micromechanical actuator structure as 
recited in claim 1, wherein the micromechanical component 
is a micromirror. 

10. The cascaded micromechanical actuator structure as 
recited in claim 1, wherein the rotary drive device has a 
plurality of electrodes which are dual electrodes on a first 
plane and a second plane and permitangular deflection in two 
directions. 

11. The cascaded micromechanical actuator structure as 
recited in claim 3, wherein the micromechanical component 
is a micromirror. 

12. The cascaded micromechanical actuator structure as 
recited in claim 3, wherein the rotary drive device has a 
plurality of electrodes which are dual electrodes on a first 
plane and a second plane and permitangular deflection in two 
directions. 

13. The cascaded micromechanical actuator structure as 
recited in claim 5, wherein the micromechanical component 
is a micromirror. 

14. The cascaded micromechanical actuator structure as 
recited in claim 5, wherein the rotary drive device has a 
plurality of electrodes which are dual electrodes on a first 
plane and a second plane and permitangular deflection in two 
directions. 


